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
:HFRPSDUHJURXQGPRWLRQVVLPXODWHGIURPG\QDPLFUXSWXUHVFHQDULRVIRUWKHVHLVPLFJDS
DORQJWKH1RUWK$QDWROLDQ)DXOWXQGHUWKH0DUPDUD6HD7XUNH\WRHVWLPDWHVIURPHPSLULFDO
JURXQGPRWLRQSUHGLFWLRQ HTXDWLRQV *03(V*URXQG PRWLRQV DUH VLPXODWHGXVLQJD ILQLWH
GLIIHUHQFHPHWKRGDQGD'PRGHORI WKH ORFDOFUXVWDOVWUXFWXUH7KH\DUHDQDO\]HGDWPRUH
WKDQ D WKRXVDQG ORFDWLRQV LQ WHUPV RI KRUL]RQWDO SHDN JURXQG YHORFLW\ &KDUDFWHULVWLFV RI
SUREDEOH HDUWKTXDNH VFHQDULRV DUH VWURQJO\ GHSHQGHQW RQ WKH K\SRWKHVL]HG OHYHO RI
DFFXPXODWHG VWUHVV LQ WHUPV RI D QRUPDOL]HG VWUHVV SDUDPHWHU T $RFKL DQG 8OULFK 
:LWK UHVSHFW WR WKH *03(V LW LV IRXQG WKDW VLPXODWLRQV IRU PDQ\ VFHQDULRV V\VWHPDWLFDOO\
RYHUHVWLPDWH WKH JURXQG PRWLRQV DW DOO GLVWDQFHV 6LPXODWLRQV IRU RQO\ VRPH VFHQDULRV
FRUUHVSRQGLQJ WR PRGHUDWH VWUHVV DFFXPXODWLRQ PDWFK WKH HVWLPDWHV IURP WKH *03(V 7KH
GLIIHUHQFH EHWZHHQ WKH VLPXODWLRQV DQG WKH *03(V LV XVHG WR TXDQWLI\ WKH UHODWLYH
SUREDELOLWLHV RI HDFK VFHQDULR DQG WKHUHIRUH WR UHYLVH WKH SUREDELOLW\ RI WKH VWUHVV ILHOG $
PDJQLWXGH 0ZRSHUDWLQJ DW PRGHUDWHSUHVWUHVV ILHOG 7 LV VWDWLVWLFDOO\PRUH
SUREDEOH DV SUHYLRXVO\ DVVXPHG LQ WKH ORJLF WUHH RI SUREDELOLVWLF DVVHVVPHQW RI UXSWXUH
VFHQDULRV7KLVDSSURDFKRIUHYLVLQJWKHPHFKDQLFDOK\SRWKHVLVE\PHDQVRIFRPSDULVRQWRDQ
HPSLULFDO VWDWLVWLFDO PRGHO HJ D *03( LV XVHIXO QRW RQO\ IRU SUDFWLFDO VHLVPLF KD]DUG
DVVHVVPHQWVEXWDOVRWRXQGHUVWDQGFUXVWDOG\QDPLFV
1. INTRODUCTION 
 7KHSDUWRIWKH1RUWK$QDWROLDQ)DXOWXQGHUWKH0DUPDUD6HD7XUNH\LVUHFRJQL]HG
DVDPDMRUVHLVPLFJDSZKHUHDODUJHHDUWKTXDNHRIPDJQLWXGHODUJHUWKDQLVH[SHFWHGLQWKH
FRPLQJ\HDUV$WDNDQHWDO(UGLNHWDO3DUVRQV6HLVPLFULVNPLWLJDWLRQ
SODQVKDYHEHHQGHYHORSHGDURXQGWKLVJDSLQSDUWLFXODUIRUWKHPHJDFLW\RI,VWDQEXOLQWHUPV
RI IRU H[DPSOH HDUO\ ZDUQLQJ V\VWHPV XVLQJ GHQVH REVHUYDWLRQ QHWZRUNV DQG VWUXFWXUDO
UHWURILWWLQJ5HJDUGOHVVRIWKHKLJKVHLVPLFKD]DUGULVNWKHGHVFULSWLRQRIWKHSRWHQWLDOVRXUFH
DUHD UHPDLQV LPSUHFLVHSULQFLSDOO\EHFDXVH WKH IDXOWV DUH UXQQLQJXQGHU WKH0DUPDUD6HD
WKHODUJHVWHDUWKTXDNHVZHUHQRWUHFRUGHGLQVWUXPHQWDOO\DVWKH\RFFXUUHGLQWKHWKFHQWXU\
RUHDUOLHUHJ(UJLQWDYHWDODQGUHIHUHQFHVWKHUHLQDQGWKHFXUUHQWVHLVPLFLW\UDWHLV
UHODWLYHO\ORZ0DQ\VWXGLHVKDYHEHHQFDUULHGRXWWRDVVHVVSRWHQWLDOHDUWKTXDNHVFHQDULRVLQ
WKLVDUHDHJ(UGLNHWDO3XOLGRHWDO2JOHVE\HWDO2JOHVE\DQG0DL
 $PRQJ WKHP $RFKL DQG 8OULFK  KHUHDIWHU UHIHUUHG DV $8 KDYH GLVFXVVHG


VWDWLVWLFDOO\WKHRFFXUUHQFHSUREDELOLW\RIYDULRXVHDUWKTXDNHVFHQDULRVZKLFKDUHG\QDPLFDOO\
VLPXODWHG DORQJ GLIIHUHQW QRQSODQDU IDXOW V\VWHPV IRU YDULRXV OHYHOV RI K\SRWKHVL]HG VWUHVV
DFFXPXODWLRQ DQG K\SRFHQWUDO ORFDWLRQV $OWKRXJK HDFK PRGHO SDUDPHWHU LV DVVLJQHG D
SUREDELOLW\ WKLV SURFHVV LV EDVHG RQ H[SHUW MXGJHPHQW WKURXJK D ORJLFWUHH DSSURDFK ,W LV
IRXQG WKDW VRPH VFHQDULRV FRUUHVSRQG WR H[WUHPH FRQGLWLRQV VXFK DV D YHU\ IDVW UXSWXUH
YHORFLW\VXSHUVKHDUUXSWXUHZKLFKOHDGVWRKLJKDPSOLWXGHJURXQGPRWLRQVHJ$NLQFLHW
DO7KHSXUSRVHRIWKLVDUWLFOHLVWRTXDQWLI\WKHJURXQGPRWLRQYDULDWLRQVDVDIXQFWLRQ
RI WKHK\SRWKHVHVHVSHFLDOO\ZLWK UHVSHFW WRVWUHVVDFFXPXODWLRQ WKURXJKFRPSDULVRQVZLWK
HPSLULFDO JURXQG PRWLRQ SUHGLFWLRQ HTXDWLRQV *03(V HJ 'RXJODV  ZKLFK DUH
VLPSOH PRGHOV XVHG H[WHQVLYHO\ LQ HQJLQHHULQJ VHLVPRORJ\ WR HVWLPDWH JURXQG PRWLRQV DW D
VLWHJLYHQWKHRFFXUUHQFHRIDQHDUWKTXDNHRIDSDUWLFXODUPDJQLWXGHDQGORFDWLRQ
 7KHUH KDYH EHHQ VHYHUDO DWWHPSWV WR YDOLGDWH QXPHULFDO VLPXODWLRQV RI HDUWKTXDNH
JURXQGPRWLRQVXVLQJ*03(VH[6&(&EURDGEDQGSODWIRUPYDOLGDWLRQH[HUFLVH*RXOHWHW
DOZKLFKKDGEHHQSUHYLRXVO\GHULYHGIURPFXUYHILWWLQJWRREVHUYDWLRQV$RFKLDQG
'RXJODV  FRPSDUH JURXQG PRWLRQV WKDW ZHUH G\QDPLFDOO\ VLPXODWHG IURP VLPSOH
HDUWKTXDNHVFHQDULRVGRXEOHFRXSOHVRXUFHVWR*03(VIRUYDULRXVLQWHQVLW\PHDVXUHVSHDN
JURXQGDFFHOHUDWLRQ3*$SHDNJURXQGYHORFLW\3*9UHVSRQVHVSHFWUDODFFHOHUDWLRQ$ULDV
LQWHQVLW\ DQG GXUDWLRQ $OWKRXJK WKHUH ZHUH QR FRPSOH[ SURSDJDWLRQ RU VLWH HIIHFWV LQ WKH
VLPXODWLRQVWKHUHVXOWVLPSOLHGDVWURQJGLVSHUVLRQRIWKHJURXQGPRWLRQGXHRQO\WRVRXUFH
HIIHFWV%DXPDQQDQG'DOJXHU VKRZPRUH V\VWHPDWLFDOO\ WKHFRQVLVWHQF\RIJURXQG
PRWLRQVLPXODWLRQVIURPG\QDPLFUXSWXUHPRGHOOLQJZLWK*03(VIRUIUHTXHQFLHVXSWR+]
LQ SDUWLFXODU IRU LQWHUPHGLDWH GLVWDQFHV EHWZHHQ   DQG  NP 7KH\ DOVR REVHUYHG
VXSHUVDWXUDWLRQDODUJHYDULDWLRQERWKLQSRVLWLYHDQGQHJDWLYHVHQVHVYHU\FORVHOHVVWKDQ
NP WR WKH VRXUFH $OWKRXJK PRVW RI WKH VWXGLHV DUH IRU SODQDU IDXOWV JURXQG PRWLRQ IURP
G\QDPLFUXSWXUHVLPXODWLRQVEDVHGRQQRQSODQDUIDXOWV\VWHPVFDQDOVREHFRKHUHQWLQWHUPV
RI GLIIHUHQW PHWULFV VXFK DV 3*9 GXUDWLRQ DQG UHVSRQVH VSHFWUDO RUGLQDWHV $RFKL DQG
<RVKLPL
 ,Q WKH IROORZLQJ VHFWLRQV ZH ILUVW H[SODLQ WKH SURFHGXUH RI RXU DQDO\VLV LQ ZKLFK
PRGHOSDUDPHWHUVDUH³LQYHUWHG´IURPWKHGLIIHUHQFHEHWZHHQWKHJURXQGPRWLRQVLPXODWHGIRU
GLIIHUHQWG\QDPLF UXSWXUH VFHQDULRV DQG WKRVHSUHGLFWHGE\*03(V7KHQZH LQWURGXFH WKH
VLPXODWLRQVERWKLQWHUPVRIWKHHDUWKTXDNHVRXUFHDQGWKH'UHJLRQDOVWUXFWXUHVXFKWKDWWKH
FDOFXODWHG JURXQG PRWLRQV DUH FRPSDUDEOH ZLWK DYDLODEOH REVHUYDWLRQV IRU WKLV UHJLRQ
)LQDOO\ZHGLVFXVVWKHLPSOLFDWLRQVRIRXUDQDO\VLVIRUWKLVDUHDDQGPRUHJHQHUDOO\IRUIXWXUH
VHLVPLFKD]DUGDVVHVVPHQWV




2. METHOD AND MODEL 
,QWKLVVHFWLRQZHSUHVHQWWKHPHWKRGIROORZHGLQWKLVDUWLFOHDQGWKHPRGHOVXVHGWRPDNHWKH
FDOFXODWLRQV
2.1 METHOD 
 )LJXUH LOOXVWUDWHVVFKHPDWLFDOO\ WKH IRUZDUGPRGHOOLQJRIHDUWKTXDNHVFHQDULRVDQG
JURXQGPRWLRQVLPXODWLRQVLQDORJLFWUHHIRUPXODWLRQWRSDQGDQLQYHUVLRQZLWKUHVSHFWWR
WKH*03(IRUFDOLEUDWLQJ WKHPRGHOSDUDPHWHUSUREDELOLWLHV ERWWRP IURPVWHSV  WR 
(DFK IRUZDUG PRGHOOLQJ LV D GHWHUPLQLVWLF SURFHVV EDVHG RQ IUDFWXUH PHFKDQLFV DQG HODVWR
G\QDPLFVXQGHUJLYHQFRQGLWLRQV9DULRXVPRGHOSDUDPHWHUVDUH FRQVLGHUHG WRJHWKHUZLWKD
ZHLJKWLQJ SUREDELOLW\ EDVHG RQ H[SHUW MXGJPHQW DV LQ PDQ\ UHFHQW SUREDELOLVWLF VHLVPLF
KD]DUG DVVHVVPHQWV HJ 'RXJODV HW DO  ,Q WKH IRUZDUG PRGHOOLQJ RI $8 WKUHH
YDULDEOH PRGHO SDUDPHWHUV DUH FRQVLGHUHG DQG IRU HDFK RI ZKLFK WKUHH EUDQFKHV DUH JLYHQ
QDPHO\îî VLPXODWLRQVDUHFDUULHGRXWZLWKSUREDELOLWLHVEHWZHHQDQG
 7KH PRGHO SDUDPHWHUV DUH  IDXOW JHRPHWU\  VWUHVV DFFXPXODWLRQ OHYHO DQG 
K\SRFHQWUDO ORFDWLRQ 7KLV VWXG\ IRFXVHV RQO\ RQ WKH YDULDWLRQ LQ VWUHVV DFFXPXODWLRQ OHYHO
ZKLFKVWURQJO\DIIHFWVWKHVLPXODWHGJURXQGPRWLRQV3UHYLRXVO\WKHWKUHHLQFUHDVLQJOHYHOVRI
VWUHVVDFFXPXODWLRQZHUHDWWULEXWHGGHFUHDVLQJSUREDELOLWLHVLHKLJKHUSUREDELOLW\IRUDORZHU
VWUHVV DFFXPXODWLRQ 7KLV DVVXPSWLRQ LV UHDVRQDEOH LQ WKH VHQVH WKDW D FKDUDFWHULVWLF
HDUWKTXDNHPD\EH WULJJHUHGRQFH WKH UHJLRQDODFFXPXODWHGVWUHVV LV MXVW VXIILFLHQWZLWKRXW
UHTXLULQJDKLJKDQGXQVWDEOH VWUHVV7KHDVVLJQHGSUREDELOLWLHVKRZHYHU UHPDLQXQFHUWDLQ
:HSUHYLRXVO\UHPDUNHGWKDWVRPHVLPXODWHGVFHQDULRVVKRZVHYHUHRUH[WUHPHIHDWXUHVVXFK
DVYHU\ODUJHVOLSYHORFLW\DQGRUYHU\IDVWUXSWXUHSURSDJDWLRQLHVXSHUVKHDUUXSWXUHDQG
WKXVOHDGWRH[WUHPHJURXQGPRWLRQV$86XFKVFHQDULRVDUHPRVWFRPPRQO\DVVRFLDWHG
WR D KLJK DFFXPXODWHG VWUHVV DQG DUH JLYHQ D ORZ SUREDELOLW\ +RZHYHU WKH\ DSSHDU TXLWH
IUHTXHQWO\ VR WKDW LQ WKH VXP WKH\ EHFRPH VWDWLVWLFDOO\ LPSRUWDQW 7KH PRWLYDWLRQ RI WKLV
VWXG\LVWRTXDQWLI\WKHUHVXOWDQWJURXQGPRWLRQVVRDVWREHWWHUFRQVWUDLQWKHSUREDELOLWLHVRI
GLIIHUHQWVWUHVVDFFXPXODWLRQOHYHOV
 )RUFRQYHQLHQFHZHEULHIO\H[SODLQWKHVWUHVVFRQGLWLRQVDQGIULFWLRQWKDWDUHHVVHQWLDO
LQ G\QDPLF UXSWXUH VLPXODWLRQV $8 LQWURGXFHG D VWUHVV SDUDPHWHU T LQGLFDWLQJ WKH


FORVHQHVV RI D JLYHQ 0RKU FLUFOH WR &RXORPE IULFWLRQ VWLFN WKUHVKROG LQ D 0RKU&RXORPE
GLDJUDP )LJXUH  3DUDPHWHU T LV D JOREDO QRQGLPHQVLRQDO SDUDPHWHU WKDW GHVFULEHV WKH
H[WHUQDOO\ ORDGHG SULQFLSDO VWUHVVHV QDPHO\ WKH LQLWLDO OHYHO RI VWUHVV ORDGLQJ DQG WKH
IULFWLRQDO SDUDPHWHUV DQG LV XQLIRUP HYHU\ZKHUH LQ D VLPXODWLRQ 7KH FRQGLWLRQ RI T   
PHDQVWKDWWKH0RKUFLUFOHWDQJHQWLDOO\PHHWVWKHVWDWLFIULFWLRQWKUHVKROG
pτ 
p s nτ σ µ σ= + ⋅      
ZKHUH σ LVWKHFRKHVLYHIRUFH sµ WKHVWDWLFIULFWLRQDOFRHIILFLHQWDQG nσ WKHDSSOLHGQRUPDO
VWUHVV )ROORZLQJ VLPXODWLRQV RI WKH  ,]PLW HDUWKTXDNH $RFKL DQG 0DGDULDJD 
WKHVHSDUDPHWHUVDUHVHWDV σ  03DDQG sµ  0DSSLQJWKHUHJLRQDOVWUHVV WHQVRURQ
WKHFRPSOH[IDXOWOHDGVWRVSDWLDOO\KHWHURJHQHRXVVKHDUDQGQRUPDOVWUHVVDFWLQJRQWKHIDXOW
,Q WKH VLPXODWLRQV WKH H[WHUQDO SULQFLSDO VWUHVV GLUHFWLRQ LV VHW DFFRUGLQJ WR WKH WHFWRQLF
PRYHPHQW/H3LFKRQHWDODQGLWVDEVROXWHOHYHOYDULHVZLWKGHSWK7KHFRQGLWLRQRI
T    PHDQV LQ FRQWUDVW WKDW WKH 0RKU FLUFOH WDQJHQWLDOO\ PHHWV WKH G\QDPLF IULFWLRQ
WKUHVKROG rτ 
r d nτ µ σ= ⋅       
ZKHUH WKHG\QDPLF IULFWLRQDO FRHIILFLHQW dµ LV VHW HTXDO WR  OHVV WKDQ sµ ZKLFK
DOORZVPRGHOLQJWKHUHOHDVHGIUDFWXUHHQHUJ\GXULQJWKHHDUWKTXDNHHJ0F*DUUWKXV
DOZD\V
p rτ τ> TLVJLYHQE\
 r
p r
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τ τ
τ τ
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≡
−
IRUDQRSWLPDOIDXOWRULHQWDWLRQΦ VHH)LJXUH 
:HDVVXPHWKDWWKHVHLVPRJHQLF]RQHH[WHQGVGRZQWRNPGHSWKDQGWKDWLWVVKDOORZSDUW
LV OHVV IDYRUDEOH WR UXSWXUHSURSDJDWLRQ$VDFRQVHTXHQFHZH LQWURGXFHDGHSWKGHSHQGHQW
FULWLFDO GLVSODFHPHQW >'F RI WKH VOLS ZHDNHQLQJ ODZ )LJXUH F@ LGHQWLFDO WR WKH GHSWK
GHSHQGHQW 'F XVHG E\$RFKL DQG 0DGDULDJD  WR VLPXODWH WKH  ,]PLW HDUWKTXDNH
)RUDSRVLWLYHVWUHVVGURSGXULQJDQHDUWKTXDNHTPXVWEHEHWZHHQDQG,IDSODQDUIDXOWLV
LGHDOO\ RULHQWHG ZLWK UHVSHFW WR WKH H[WHUQDO SULQFLSDO VWUHVV WKH FRQGLWLRQ T    HDVLO\
DOORZV VSRQWDQHRXV UXSWXUH SURSDJDWLRQ WKLV FRUUHVSRQGV WR S    RI 'DV DQG $NL 
KRZHYHU WKLV LV QRW WKH FDVH IRU D QRQSODQDU IDXOW V\VWHP )LJXUH  VKRZV WKH SULQFLSDO
VWUHVVHV DV D IXQFWLRQ RI VWUHVV SDUDPHWHU $OWKRXJK WKH UXSWXUH SURFHVV LV VHQVLWLYH WR WKH
SDUDPHWHUTRUSWKHH[WHUQDOSULQFLSDOVWUHVVGRHVQRWFKDQJHVLJQLILFDQWO\1RWHWKDWS LV
RQO\ GHILQHG IRU D SODQDU IDXOW ZKLOH VWUHVV SDUDPHWHU T LV GHILQHG LQ D 0RKU&RXORPE
GLDJUDPVXFKWKDWVWUHVVFRQGLWLRQVFDQEHFDOFXODWHGIRU IDXOWVRIDQ\RULHQWDWLRQ ,WVKRXOG


DOVREHQRWHGWKDWSLVVWURQJO\YDULDEOHDORQJWKHIDXOWWUDFHVIRUDJLYHQT,QWKLVVWXG\ZH
YDU\TZKHQGLVFXVVLQJLQGHWDLOWKHSUREDELOLW\GLVWULEXWLRQ
 7KH SXUSRVH RI WKLV VWXG\ LV WR FRQVWUDLQ WKH SUREDEOH VWUHVV OHYHOV E\ DQDO\]LQJ
VWDWLVWLFDOO\ WKH FDOFXODWHG JURXQG PRWLRQV RI YDULRXV VFHQDULRV E\ FRPSDULQJ WKHP WR
HVWLPDWHVIURP*03(VILQDOVWHSRI)LJXUH*03(VDUHJHQHUDOO\REWDLQHGE\UHJUHVVLRQ
DQDO\VLV RQ LQWHQVLW\ PHDVXUHV VXFK DV 3*$ DQG 3*9 FRPSXWHG IURP REVHUYHG VWURQJ
PRWLRQ GDWD *03(V DUH XVXDOO\ VLPSOH IXQFWLRQV RI HDUWKTXDNH PDJQLWXGH IDXOWLQJ
PHFKDQLVPVRXUFHWRVLWHGLVWDQFHDQGORFDOVLWHFRQGLWLRQV7KHHTXDWLRQVSURYLGHDPHGLDQ
YDOXHDVZHOO DV LWV DVVRFLDWHG VWDQGDUGGHYLDWLRQ7KHUHIRUH WKHGHYLDWLRQRI WKH VLPXODWHG
JURXQGPRWLRQVZLWKUHVSHFWWRWKH*03(VLQGLFDWHVDOLNHOLKRRGRIHDFKFDVHDQGWKHGHJUHH
RIWKLVGHYLDWLRQFDQEHXVHGWRXSGDWHWKHSUREDELOLWLHVRIPRGHOSDUDPHWHUVRILQWHUHVWDPRQJ
WKHELQV
6FKHUEDXP HW DO  DQG 'HODYDXG HW DO  SURSRVH DQG GHPRQVWUDWH WKH
PRGHOVHOHFWLRQRI*03(VXVLQJDQLQIRUPDWLRQWKHRUHWLFDSSURDFK)RUHYHU\VDPSOLQJSRLQW
   ix i N=  IXQFWLRQ  g x HYDOXDWHV WKH OLNHOLKRRG RI REVHUYLQJ x JURXQGPRWLRQ
HVWLPDWHIRUDJLYHQUHIHUHQFHPRGHO*03(KHUH1HJDWLYHDYHUDJHVDPSOHORJOLNHOLKRRG
//+LVWKHUHIRUHGHILQHGDV
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ZKLFK LVDJRRGHVWLPDWHRI WKHUHODWLYHGLVWDQFHEHWZHHQDPRGHODQGDJLYHQUHIHUHQFH$
VPDOO//+PHDQVDFORVHPDWFKEHWZHHQWKHPRGHODQGWKHREVHUYDWLRQ7KHQIRUUHVLGXDOV
IURPGLIIHUHQWPRGHOV   kg x k K= WKHOLNHO\ZHLJKWRIHDFKPRGHO jp LVJLYHQDV
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7KLVFULWHULRQSURYLGHVDVLPSOHH[SUHVVLRQWRUDQNWKHPRGHOVVWDWLVWLFDOO\+HQFHWKLVFDQEH
UHJDUGHG DV D SUREDELOLVWLF LQYHUVLRQ SURFHVV (TXDWLRQ  SURYLGHV D UHODWLYH SUREDELOLW\
DPRQJDOOWKHELQVZKLFKLVXVHGLQORJLFWUHH)LJXUH7KHELQVPD\EHELDVHGIRUVRPH
UHDVRQVEXWWKHSUREDELOLW\SURYLGHGE\(TXDWLRQLVYDOLGLQWKHIUDPHZRUNRIDORJLFWUHH
,Q WKLV VWXG\ ZH FDOFXODWH WKH JURXQG PRWLRQV LQ WKH ' VWUXFWXUH XVLQJ D ILQLWH
GLIIHUHQFH PHWKRG $RFKL DQG 0DGDULDJD  $RFKL HW DO  DFFRUGLQJ WR GLIIHUHQW
ILQLWH VRXUFH VFHQDULRV G\QDPLFDOO\ VLPXODWHG )RU WKH SXUSRVH PHQWLRQHG DERYH ZH DGRSW
3*9DVWKHSULPDU\LQWHQVLW\PHDVXUHDVZHILQGWKDWRXUWHVWVRQPRGHUDWHHDUWKTXDNHV0RI
DERXWVKRZDFRQVLVWHQF\DPRQJWKHVLPXODWLRQWKHREVHUYDWLRQVDQGWKH*03(VVHFWLRQ


DQGDOVREHFDXVH3*9LVVHQVLEOHDWORZHUIUHTXHQFLHVDURXQG+]ZKLFKZHFDOFXODWH
WKDQ3*$%HORZZHDOVRGHPRQVWUDWHWKDWRWKHUPHWULFVOHDGWRVLPLODUILQGLQJV

2.2 MODELS 
9DULRXVHDUWKTXDNHVFHQDULRVDORQJ WKH1RUWK$QDWROLDQ)DXOWXQGHU WKH0DUPDUD6HDZHUH
G\QDPLFDOO\VLPXODWHGXVLQJWKH'ERXQGDU\LQWHJUDOHTXDWLRQPHWKRG$8(DFKRIWKH
 VLPXODWHG VFHQDULRV KDV D SUREDELOLW\ EHWZHHQ  DQG  DQG UHVXOWV LQ HDUWKTXDNHV
ZLWK PRPHQW PDJQLWXGHV 0Z EHWZHHQ  DQG  (DFK VFHQDULR LV JLYHQ D ZHLJKW
FRUUHVSRQGLQJWRWKHVHOHFWHGPRGHOSDUDPHWHUVIRUIDXOWJHRPHWU\VWUHVVDFFXPXODWLRQOHYHO
DQGK\SRFHQWUDOORFDWLRQLQDORJLFWUHHIRUPXODWLRQDVH[SODLQHGLQWKHSUHYLRXVVHFWLRQ7KH
DVVLJQHGSUREDELOLWLHVUHPDLQKRZHYHUTXDOLWDWLYHDQGXQFHUWDLQLQSDUWLFXODUIRUWKHVWUHVV
DFFXPXODWLRQ OHYHO ZKLFK VLJQLILFDQWO\ FRQWUROV WKH FRQVHTXHQW JURXQG PRWLRQV )LJXUH 
SUHVHQWVWKUHHH[DPSOHVRIG\QDPLFUXSWXUHVLPXODWLRQVEDVHGRQWKUHHGLIIHUHQWVWUHVVOHYHOV
7 DQGDORQJWKHVDPHIDXOWJHRPHWU\DQGDVVXPLQJWKHVDPHK\SRFHQWHU
$8$IWHU IRUFLQJ UXSWXUHRQDQ LQLWLDO FUDFN LQ WKH VDPHZD\ WKHVXEVHTXHQWG\QDPLF
UXSWXUHSURSDJDWLRQLVFRQWUROOHGE\HQHUJ\EDODQFHGXHWRWKHVWDWLFDQGG\QDPLFVWUHVVILHOG
DQG D IULFWLRQDO ODZ 7KH H[WHUQDO SULQFLSDO VWUHVV GHWHUPLQHG E\ SDUDPHWHU T LV DVVXPHG
KRPRJHQHRXVDORQJWKHWHFWRQLFURWDWLRQDOPRYHPHQWRIWKH0DUPDUDEORFNEXWWKHDSSOLHG
QRUPDOVKHDU VWUHVV ILHOG DORQJ WKH IDXOW WUDFH LV KHWHURJHQHRXV ZLWK UHVSHFW WR WKH VWULNH
GLUHFWLRQ,UUHJXODULW\LQIDXOWJHRPHWU\SHUWXUEVWKHVWUHVVILHOG,IWKHDVVXPHGDFFXPXODWHG
VWUHVV T LV KLJK HQRXJK WKH UXSWXUH SURSDJDWLRQ RYHUFRPHV WKH VWUHVV KHWHURJHQHLW\ WR
EHFRPHDODUJHHDUWKTXDNH7KLVWHQGHQF\LVZKDWZHJHQHUDOO\REVHUYHLQVLPLODUQXPHULFDO
VLPXODWLRQV RI G\QDPLF UXSWXUH SURFHVV DORQJ QRQSODQDU IDXOWV VXFK DV WKH  ,]PLW
HDUWKTXDNHQHDUE\IRUH[DPSOH+DUULVHWDO$RFKLDQG0DGDULDJD$VDUHVXOW
WKH UXSWXUHG DUHD WKH DPRXQW RI VOLS DQG WKH PDJQLWXGH RI DQ HDUWKTXDNH KHQFH EHFRPH
ODUJHU0ZDQGDVTLQFUHDVHV)LJXUHDQGWKHVHFKDQJHVVKRXOGLQIOXHQFH
WKHJURXQGPRWLRQV$8
7KH JURXQGPRWLRQ VLPXODWLRQV DUH FDUULHG RXW LQ D ' VWUXFWXUDO PRGHO XVLQJ D ILQLWH
GLIIHUHQFH PHWKRG DV LQ $8 7KH ILQLWH GLIIHUHQFH LV EDVHG RQ DSSUR[LPDWLRQV WKDW DUH
IRXUWK RUGHU LQ VSDFH DQG VHFRQG RUGHU LQ WLPH IRU D VWDJJHUHG JULG VFKHPH $RFKL DQG
0DGDULDJD$RFKLHWDODQGUHIHUHQFHVWKHUHLQ,QWKHPRGHOGRPDLQRINP
(:E\NP16E\NP8'WKH'VWUXFWXUDOPRGHOFRPELQHVD'WRPRJUDSKLF
PRGHO%D\UDNFLHWDOEDWK\PHWU\IURPWKH*HQHUDO%DWK\PHWULF&KDUWRIWKH2FHDQ


DQGD'OD\HUHGPRGHO.DUDEXOXWSHUVRQDOFRPPXQLFDWLRQ6HH)LJXUH7KH'PRGHO
GHVFULEHVWKHEDVLQVWUXFWXUHRIWKH0DUPDUD6HDEXWLWDVVXPHVDIODWVXUIDFH7KHVHDOD\HULV
JLYHQE\Vp NPVVs NPVDQGρ NJP7KH'PRGHORI%D\UDNFLHWDO
JLYHVRQO\WKHVWUXFWXUHRIVpVRZHGHILQHVsDQGWKHPDWHULDOGHQVLW\ρVLPSO\E\WKH
IROORZLQJHTXDWLRQV  s pV V= DQG     s sV Vρ = × − + + ZKHUHVsLVLQ
NPV DQGρ LV LQNJP/XGZLJ HW DO  +RULNDZD HW DO  )LJXUH  VKRZVD'
SURILOHH[WUDFWHGIURPWKHFRQVWUXFWHG'PRGHO7KHEDVLQVWUXFWXUHLVSURQRXQFHGGRZQWR
DERXW  NP 7KH PLQLPXP YHORFLW\ VPLQ LQFOXGHG LV DERXW  NPV Vs EHQHDWK WKH VHD
IORRU :H VHW WKH JULG VL]H RI WKH ILQLWH GLIIHUHQFH VFKHPH DV Δs    P 7KH PD[LPXP
IUHTXHQF\ fPD[ WKDW LV UHOLDEOHQXPHULFDOO\ LQ WKH IRXUWKRUGHU DSSUR[LPDWLRQ LVHVWLPDWHGDV
PD[ PLQ   f V s= ⋅Δ  +]2XUVLPXODWLRQVGRQRWWDNHLQWRDFFRXQWDQ\VLWHHIIHFWVEH\RQG
WKRVHDFFRXQWHGIRUGLUHFWO\E\WKHVLPXODWLRQV+RZHYHUZHFDQDVVXPHWKDWDWWKHUHODWLYHO\
ORZIUHTXHQFLHVFRQVLGHUHGVLWHHIIHFWVPD\KDYHPLQLPDOLPSDFWRQWKHJURXQGPRWLRQV7KH
PD[LPXPYHORFLW\LQFOXGHGLQWKLVPRGHOLVVPD[ NPV9S7KHUHIRUHDWLPHVWHSRI
WKHILQLWHGLIIHUHQFHVKRXOGEH PD[  t s VΔ ≤ ⋅Δ = VWRHQVXUHVWDELOLW\DQGKHQFHZH
IL[ tΔ    V (DFK FDOFXODWLRQ LV UXQ IRU D GXUDWLRQ RI  V 7KH TXDOLW\ IDFWRU Q IRU
DQHODVWLF DWWHQXDWLRQ LV LQWURGXFHG DV D GDPSLQJ WHUP LQ WKH ILQLWH GLIIHUHQFH IRUPXODWLRQ
*UDYHV  ZLWK FHQWUDO IUHTXHQF\ DERXW  +] 7KHUH DUH RWKHU PHWKRGV WR WDNHQ LQWR
DFFRXQW LQ YLVFRHODVWLF HJ 'D\ DQG %UDGOH\  .ULVWHN DQG 0RF]R  RU YLVFR
SODVWLF HJ 5RWHQ HW DO  IRUPXODWLRQV +RZHYHU DV VKRZQ LQ WKH QH[W VHFWLRQ RXU
FXUUHQW NQRZOHGJH RI WKLV UHJLRQ LV VWLOO OLPLWHG HYHQ LQ WHUPV RI YHORFLW\ VWUXFWXUH DQG D
GHWDLOHGGHVFULSWLRQRIDWWHQXDWLRQZRXOGQRWEHXVHIXO\HW

2.3. CURRENT MODEL PERFORMANCE 
 :HILUVWVLPXODWHDPRGHUDWHHDUWKTXDNHWRFKHFNWKHUHOLDELOLW\RIWKH'PRGHODQG
WKHDFFXUDF\RI WKHJURXQGPRWLRQVLPXODWLRQV)LJXUHVKRZVPDSVRI WKH0/
HDUWKTXDNH1(NPGHSWKDQGWKH0/HDUWKTXDNH
1(NPGHSWK.DUDEXOXWSHUVRQDOFRPPXQLFDWLRQZKRDOVRSURYLGHG
WKHLUIRFDOPHFKDQLVPVDQGDYDLODEOHVHLVPRJUDSKVWDWLRQV%URDGEDQGVWDWLRQVIURP.DQGLOOL
2EVHUYDWRU\RI(DUWKTXDNH5HVHDUFK,QVWLWXWH7XUNH\)RUWKHFRPSDULVRQZHFDOFXODWHWKH
JURXQGPRWLRQVXVLQJWKH'OD\HUHGPRGHOZLWKDIL[HGQ DQGWKH'PRGHODVVXPLQJ
Q Vs)LJXUH0RPHQWPDJQLWXGH0ZRIDQGDUHJLYHQWRREWDLQWKHEHVWILWWR


WKH VSHFWUDO DFFHOHUDWLRQV DW  VHFRQGV 7KH VRXUFH WLPH IXQFWLRQ LV DVVXPHG DV D VSOLQH
IXQFWLRQRIGXUDWLRQVRIVDQGVUHVSHFWLYHO\)LJXUHVKRZVWKHZDYHIRUPVILOWHUHG
XSWR+]DWWKHFRPPRQVWDWLRQVIRUWKHWZRHDUWKTXDNHVDOLJQHGDWWKHRULJLQWLPHt 
7KH DUULYDOV RI WKH ZDYHV DUH JHQHUDOO\ JRRG H[FHSW IRU 6/97 ZKHUH WKH REVHUYHG ZDYH
DUULYHVVOLJKWO\ODWHUWKDQWKHVLPXODWHGRQH7KHSHDNYDOXHVRIWKHZDYHIRUPVKHUH3*9
DUHPRVWO\FDXVHGE\WKHGLUHFW6ZDYHEXWWKH\DUHDVVRFLDWHGZLWKWKHODWHUSKDVHVDWVWDWLRQ
6/97 ,Q RXU PRGHOV QR ' VWUXFWXUH H[LVWV EHQHDWK 6/97 7KLV LQGLFDWHV WKDW WKH PRGHO
FRXOGEHIXUWKHULPSURYHGORFDOO\WRUHIOHFW WKHJHRORJLFDOFRQWH[W$VZHOODVFRQVLGHULQJD
VLQJOHJURXQGPRWLRQSDUDPHWHUVXFKDV3*9ZHDOVRFDOFXODWHWKH*RRGQHVVRI)LW*R)
VFRUHEHWZHHQVLPXODWLRQVDQGREVHUYDWLRQVEDVHGRQVHYHUDO PHWULFV IURPHDFK WLPH VHULHV
2OVHQDQG0D\KHZ$RFKLDQG<RVKLPLDYHUDJHGRYHUORQJSHULRG6$
DQGVVKRUWSHULRG6$DQGVDQGGXUDWLRQGHILQHGDVLQWHUYDOEHWZHHQDQG
RI$ULDV,QWHQVLW\*R)IRUWZRSRVLWLYHYDOXHVxyWRFRPSDUHLVFDOFXODWHGZLWK
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ZKHUHerfcLVWKHFRPSOHPHQWDU\HUURUIXQFWLRQ)LJXUHVKRZVWKHVFRUHVDYHUDJHGRYHUWKH
GHILQHGPHWULFV IRU HDFKFRPSRQHQW IRU WKH WZRHDUWKTXDNHV:HGRQRWDLP WRGLVFXVV WKH
VFRUHVRIDQ\SDUWLFXODUVWDWLRQZHLQWHQGWRVKRZWKDW WKH'PRGHO LVEHWWHU WKDQWKH'
OD\HUHG PRGHO LQ WKLV DUHD ,Q JHQHUDO *R) VFRUHV ODUJHU WKDQ  DQG  DUH FRQVLGHUHG
³H[FHOOHQW´DQG³JRRG´UHVSHFWLYHO\VRWKDWWKHFXUUHQW'PRGHOFRXOGEHIXUWKHULPSURYHG
1RWHWKDWDIDFWRURIWZRGLIIHUHQFHEHWZHHQYDOXHVOHDGVWR*R) DOWKRXJKLWZRXOGEH
EHWWHUWRFRPSDUHVSHFWUDQRWE\LWVOLQHDUDPSOLWXGHEXWE\LWVORJDULWKP+HUHDIWHUZHXVH
WKH ' PRGHO DVVXPLQJ Q   Vs IRU JURXQG PRWLRQ VLPXODWLRQV RI ODUJH VFHQDULR
HDUWKTXDNHV$VVXPSWLRQ RI PXFK VWURQJHU DWWHQXDWLRQ RIQ VsGRHV QRWJLYH D EHWWHU
UHVXOWLQWHUPVRI*R)DVWKHGXUDWLRQEHFRPHVYHU\VKRUW
:HDOVRFRPSDUHWKHKRUL]RQWDO3*9VZLWK*03(VLQ)LJXUH7KHVHOHFWHG*03(V
DUH%LQGLHWDO$NNDUHWDODE%RRUHHWDODQG&DX]]LHWDO
:HVKRZWKHQRQILOWHUHGYDOXHVRI3*9IURPERWKVLPXODWLRQVDQGREVHUYDWLRQVEHFDXVHWKH
GXUDWLRQ RI WKH VRXUFH WLPH IXQFWLRQ RI D VPRRWK %VSOLQH IXQFWLRQ LV JLYHQ IRU  V LQ WKH
VLPXODWLRQV 7KH FRPSDULVRQV VKRZ D JRRG FRKHUHQF\ EHWZHHQ WKH VLPXODWLRQV DQG WKH
REVHUYDWLRQVIRUERWKWKHPRGHUDWHHDUWKTXDNHV$OWKRXJKWKHXVHGVRXUFHSDUDPHWHULVVLPSOH
DVPRRWKVRXUFHWLPHIXQFWLRQDWDSRLQWVRXUFHLQWKHVHWHVWVWKLVDJUHHPHQWLVVXSSRUWLYHRI
DSSO\LQJDQ\RIWKHVH*03(VDWDIUHTXHQF\RIDURXQG+]IRUODUJHVFHQDULRHDUWKTXDNHV
IRUZKLFKQRREVHUYDWLRQVH[LVW)RUWKHQHDUE\,]PLWHDUWKTXDNH%RXFKRQHWDO


VKRZHG WKH QHDUILHOG JURXQG YHORFLWLHV ZLWK QR ILOWHULQJ DQG XVHG WKHP GLUHFWO\ IRU
VHLVPRORJLFDO DQDO\VHV 7KH ZDYHIRUPV ZHUH GRPLQDWHG E\ ORZ IUHTXHQF\ FRQWHQW VWURQJ
SXOVHV RI DERXW D IHZ VHFRQGV DUH YLVLEOH DQG DUH FORVHO\ UHODWHG WR WKH HDUWKTXDNH VRXUFH
SURFHVVHJ$RFKLHWDO,QWKHIROORZLQJVHFWLRQZHXVHWKH*03(RI%LQGLHWDO
ZKLFKLVIRXQGURXJKO\LQWKHPLGGOHRIWKHFRQVLGHUHG*03(VDQGWKHVLPXODWLRQV
DQG ZDV IRXQG E\ 'RXJODV DQG $RFKL  WR EH VXLWDEOH IRU JURXQGPRWLRQ VLPXODWLRQV
IURPPRGHUDWHHDUWKTXDNHVLQWKLVUHJLRQ6LPLODUUHVXOWVZRXOGEHIRXQGIRUDQ\RIWKHRWKHU
WKUHH*03(VDVWKH\DOVRSUHGLFWVLPLODUJURXQGPRWLRQV
3. Results 

/HW XV ILUVW H[SORUH WKH 3*9 PDSV VLPXODWHG IRU DQ 0Z HDUWKTXDNH VFHQDULR FHQWUDO
K\SRFHQWHU SRVLWLRQ ZLWKT    VKRZQ LQ )LJXUH%:H FDOFXODWH WKH JURXQG PRWLRQV
DVVXPLQJDFRQVWDQWQ RUDYDULDEOHQ 9V)LJXUHVKRZVWKH3*9PDSVDQG
3*9VDVDIXQFWLRQRIGLVWDQFHHYDOXDWHGDWGLVWULEXWHGUHFHLYHUV%RWKWKHFDOFXODWLRQV
WHQGWRRYHUHVWLPDWHWKHJURXQGPRWLRQOHYHOVSUHGLFWHGE\WKH*03(RI%LQGLHWDO
)RU FRPSDULVRQ WKH WKUHHRWKHU UHFHQW*03(VFRQVLGHUHG DERYH DUH DOVR VKRZQ$OWKRXJK
VRPH GLIIHUHQFHV DUH IRXQG DW GLVWDQFHV VKRUWHU WKDQ  NP DOO WKHVH *03(V VKRZ VLPLODU
RYHUDOOIHDWXUHV7KHVLPXODWHG3*9VDUHKLJKSDUWLFXODUO\LQWKHQHDUILHOGFRPSDUHGZLWKWKH
SUHGLFWLRQV RI *03(V EXW ZH ILQG WKDW VWURQJ DWWHQXDWLRQ Q   9V VKRZV D VPDOOHU
DYHUDJHUHVLGXDOLQ WHUPVRIFRPPRQORJDULWKPVFRPSDUHGWR+HUHDIWHURXU
GLVFXVVLRQ LV EDVHG RQ WKH FDOFXODWLRQV DVVXPLQJ Q   Vs *URXQG PRWLRQV DW YHU\ VKRUW
GLVWDQFHVRI D IHZQXPHULFDO JULGV RI )'0 VKRXOG QRWEH WDNHQ LQWR DFFRXQW EHFDXVH HDFK
IDXOWHOHPHQWRIPVL]HZLWKLQWKH%,(0VLPXODWLRQLVUHSUHVHQWHGDVSRLQWVRXUFHLQWKH
JURXQGPRWLRQVLPXODWLRQVQDPHO\VHLVPLFPRPHQWUHOHDVHRQDILQLWHVXEHOHPHQWRIILQLWH
VXUIDFHLVFRQFHQWUDWHGDWDSRLQW7KHUHVLGXDOVDUHFDOFXODWHGIRUGLVWDQFHVODUJHUWKDQNP
)RUIXUWKHUGLVWDQFHVWKHUHFHLYHUFRYHUDJHLVQRORQJHUD]LPXWKDOO\XQLIRUPDVRXUSK\VLFDO
PRGHOGLPHQVLRQLVNPîNP7KXVZHXVHGLVWDQFHVXSWRNPZKLFKLVURXJKO\
WKHGLVWDQFH IURP WKH IDXOW WR WKHRXWHU PRGHO ERXQGDU\:H UHFDOO WKDW WKHSXUSRVHRI WKLV
VWXG\LVQRWWRDGMXVWWKHPRGHOSDUDPHWHUVWRILWWKH*03(VEXWWRDVVHVVWKHSUREDELOLWLHVRI
WKHPRGHOSDUDPHWHUVXVLQJWKHUHODWLYHGLVFUHSDQF\EHWZHHQWKHVLPXODWLRQVDQGWKH*03(V
:HNHHSWKHVDPHIDXOWJHRPHWU\DVLQ)LJXUH>0RGHO/3EDVHGRQWKHIDXOW WUDFH
PDSSLQJRI/H3LFKRQ HW DO @ DQG WKH WKUHHK\SRFHQWUDO ORFDWLRQV :HVW &HQWHU DQG


(DVWDSSUR[LPDWLYHO\DW((DQG(UHVSHFWLYHO\6LQFHRQO\VL[VLPXODWLRQV
IHDWXULQJ WKUHH GLIIHUHQW VWUHVV OHYHOV DUH DYDLODEOH IRU 0Za HYHQWV IURP $8 IRU WKH
VHOHFWHG IDXOW JHRPHWU\ ZH FDUU\ RXW VXSSOHPHQWDU\ VLPXODWLRQV IRU YDULRXV VWUHVV OHYHOV
)LJXUHVKRZVWKHVLPXODWHGPDJQLWXGHVRIHDUWKTXDNHVZLWKUHVSHFWWRWKHVWUHVVSDUDPHWHU
T  ,W LV IRXQG WKDW WKH VLPXODWHG PDJQLWXGHV GR QRW DOZD\V GHSHQG OLQHDUO\ RQ T (DFK
LQFUHDVH LQPDJQLWXGHFRUUHVSRQGV WRWKHDFWLYDWLRQRIDIDUWKHUVHJPHQWDIWHUDJHRPHWULFDO
LUUHJXODULW\ ,W LV DOVR FRQILUPHG WKDW WKH SRVLWLRQ RI WKH K\SRFHQWHU FKDQJHV WKH SRVVLEOH
SURJUHVVRIUXSWXUHSURSDJDWLRQHYHQXQGHUWKHVDPHVWUHVVFRQGLWLRQVDVLQIHUUHGLQSUHYLRXV
VWXGLHV HJ 2JOHVE\ HW DO  )LQDOO\ WKH PDJQLWXGH FRQYHUJHV ZKHQ WKH VWUHVV LV
H[WUHPHO\ KLJK T DV WKH UXSWXUHG DUHD EHFRPHV LGHQWLFDO LQ VXFK FDVHV ,Q WKH
VLPXODWLRQVDVDOUHDG\SRLQWHGRXWLQ$8WKHHDUWKTXDNHVFDQEHGLYLGHGLQWRWZRJURXSV
WKRVHWKDWKDYHVXFFHHGHGLQSURJUHVVLQJWRDODUJHHYHQWRIPDJQLWXGHRUODUJHUDQGWKRVH
WKDWDUUHVWVRRQWKHUHE\OHDGLQJWRDPDJQLWXGHRIDERXWRUOHVV+HUHZHDUHLQWHUHVWHGLQ
WKHIRUPHUJURXSRIODUJHUHYHQWV
 7KH UHVXOWV RI  VLPXODWLRQV DUH VXPPDUL]HG LQ 7DEOH  DQG )LJXUH  VHH DOVR
6XSSRUWLQJ,QIRUPDWLRQ)LJXUH6DQGDOVRSORWWHGDVDIXQFWLRQRIWKHVWUHVVSDUDPHWHUT LQ
)LJXUH  7KH DYHUDJH UHVLGXDO LV VPDOO IRU VPDOO T DQG LW LQFUHDVHV ZLWK T ZKHUHYHU WKH
K\SRFHQWHU7KHVLPXODWLRQVRYHUHVWLPDWHWKHJURXQGPRWLRQVIRUKLJKT7KLVLVPHFKDQLFDOO\
XQGHUVWDQGDEOH EHFDXVH D KLJK T IDFLOLWDWHV WKH UXSWXUH SURSDJDWLRQ ,Q 7DEOH  ZH DOVR
FKDQJHWKHGLVWDQFHVXVHGIRUWKHUHVLGXDOVWR±NPDVLWZDVWKRXJKWWKDWWKHJURXQG
PRWLRQVLQWKHQHDUILHOGNPDQGDW WKHUHJLRQDOVFDOHDIHZWHQWKVNLORPHWHUVFRXOG
VKRZGLIIHUHQWWHQGHQFLHV7KHUHVLGXDOVDQGELDVEHFRPHVPDOOHULHWKHJURXQGPRWLRQVDUH
FORVHU WR WKH UHIHUHQFH *03( 7KLV LV H[SHFWHG DV WKH XVHG IDXOW PRGHOV GR QRW KDYH DQ\
VPDOOHU VFDOH KHWHURJHQHLWLHV ,Q IDFW D VPRRWK UXSWXUH PRGHO LV OLNHO\ WR H[DJJHUDWH WKH
UXSWXUH GLUHFWLYLW\ DQG WHQGV WR JHQHUDWH H[WUHPH JURXQG PRWLRQV FRKHUHQWO\ 2Q WKH RWKHU
KDQG ZKHQ VPDOOVFDOH LQKRPRJHQHLWLHV DUH FRQVLGHUHG RQ D IDXOW KLJK VOLS UDWH PD\ VWLOO
H[LVWEXWGRQRWFRQWULEXWHWRWKHJURXQGPRWLRQVFRKHUHQWO\DYRLGLQJWKLVH[WUHPHJURXQG
PRWLRQVSUREOHP,QDGGLWLRQWKHIDFWWKDWWKHUHFHLYHUVQHDUWKHVRXUFHDUHDOOORFDWHGRQWKH
VHGLPHQWDU\RFHDQERWWRPZKLOHWKHUHFHLYHUVDWGLVWDQFHDUHRQODQGZKHUHWKHURFNIURPWKH
DVVXPHG'VWUXFWXUHVs PVLVKDUGHUDOWKRXJKDOODUHUHJDUGHGDVKDUGURFNVLWHVLQ
WKH*03(VPD\H[SODLQWKHVPDOOHUUHVLGXDOLQWKHIDUILHOG+RZHYHUZHVWLOOREWDLQVLPLODU
UHVXOWVIRUWKHUHYLVHGSUREDELOLW\p7KLVFRQILUPVWKDWWKHIRUPXODWLRQEDVHGRQ(TXDWLRQV
DQG UHDWWULEXWHV WKHSUREDELOLWLHVDPRQJ WKHELQVDSSURSULDWHO\:HUHFDOO WKHK\SRWKHVLV
JLYHQ LQ$8 DVVLJQLQJ WKUHH OHYHOVRI WKH VWUHVVSDUDPHWHUT DQG, ZLWK


DVVRFLDWHGSUREDELOLWLHVRIT T DQGT LQGHSHQGHQWO\
RI WKH RWKHU PRGHOSDUDPHWHUV7R HYDOXDWH WKH UHYLVHGSUREDELOLWLHV ZH VLPSO\ VXPPDUL]H
WKHPIRUWKUHHEDQGVTTDQG T>0.8, ZKLFKDUHVKRZQDVDJUD\VXUIDFHLQ
)LJXUHF ,QGHHG WKLVUHYLVLRQ LVFRQVLVWHQWZLWK$8¶VK\SRWKHVLV7KHSUREDELOLW\RI
ORZTLVVOLJKWO\KLJKHUWKDQLWVHVWLPDWHLQ$8DQGFRQVHTXHQWO\H[WUHPHO\KLJK
TLVOHVVSUREDEOH
:HDOVRFRPSDUHWKH6$VDWWZRGLIIHUHQWSHULRGVDQGVDWWKHDYDLODEOH.2(5,
VWDWLRQ ORFDWLRQV EXWZKHUH WKHUHDUHQRGDWD LQ)LJXUH%LQGL HWDO SURYLGH WKH
FRHIILFLHQWV IRU WKH SUHGLFWLRQ RI 6$V XS WR  V 5HVXOWV IRU WKUHH GLIIHUHQW YDOXHV RI T DUH
FRPSDUHG7KHWHQGHQF\WKDWWKHUHVLGXDOVDUHVPDOOHUIRUVPDOOTLVWKHVDPHDVZHREVHUYHLQ
WKH FRPSDULVRQ RI3*9 VR WKDWZH FDQTXDQWLI\ WKHP LQ WKH VDPH ZD\ 7KH FKRLFH RI WKH
3*9 DV D PHWULF LV VXIILFLHQW WR TXDQWLI\ WKH LPSDFW RI VWUHVV SDUDPHWHU T RQ WKH JURXQG
PRWLRQVDQGWRDGMXVWLWVSUREDELOLW\LQWKHORJLFWUHH1HYHUWKHOHVVWKHPRGHOVPLJKWQRWEH
WKHEHVWZLWKUHVSHFWWRWKH*03(6RPHVWDWLRQVZLWKODUJHUHVLGXDOVDUHVWURQJO\DIIHFWHGE\
WKH JLYHQ ' VWUXFWXUH WKURXJK ZKLFK WKH VHLVPLF ZDYHV SURSDJDWH $V GLVFXVVHG LQ WKH
SUHYLRXVFKDSWHUIRUWKHPRGHUDWHHDUWKTXDNHVLWZRXOGEHQHFHVVDU\WRLPSURYLQJIXUWKHUWKH
'VWUXFWXUHDQGRUWDNHLQWRDFFRXQWDPRUHGHWDLOHGORFDOVWUXFWXUH7KHVLPXODWLRQVPLJKW
EHELDVHGGXHWRDQ\PRGHOSDUDPHWHUVDQGDVVXPSWLRQH[SOLFLWO\RULPSOLFLWO\H[LVWLQJLQWKH
JLYHQORJLFWUHH:HGLVFXVVWKLVIXUWKHULQWKHIROORZLQJVHFWLRQ
7KLV UHYLVLRQ QRW RQO\ YDOLGDWHV WKH IUDPHZRUN RI SUREDELOLVWLF VHLVPLF KD]DUG
DVVHVVPHQW SUHYLRXVO\ FDUULHG RXW EXW DOVR LQIHUV WKH SRVVLEOH FUXVWDO VWUHQJWKV 7KH IDXOW
V\VWHPPLJKWEHUXSWXUHGE\ORZT ZLWKRXWZDLWLQJIRU WKHH[WUHPHO\KLJKDFFXPXODWLRQRI
VWUHVV$FFRUGLQJ WRRXU UHVXOWV WKH VWUHVV OHYHODWZKLFKFRXOGRSHUDWHD UHDVRQDEOH0Z
HDUWKTXDNHLVOLNHO\ZLWKDSUREDELOLW\RIPRUHWKDQWREHLQWKHUDQJHRITEHWZHHQ
DQG DVSUHYLRXVO\ LQGLFDWHG LQ)LJXUHVDQG7KLV URXJKO\FRUUHVSRQGV WRSEHWZHHQ
 DQG  RQ DQ LGHDOO\RULHQWHG IDXOW  LQFOLQHG IURP WKH σ D[LV 7KLV LQVLJKW
QHHGV WR EH VFUXWLQL]HG IURP GLIIHUHQW SRLQWV RI YLHZ RI FXUUHQW WHFWRQLF PRYHPHQW DQG
DVHLVPLFDFWLYLW\DORQJWKH1RUWK$QDWROLDQIDXOW
4. Discussion 
:H KDYH UHYLVHG WKH K\SRWKHVLV RQ WKH VWUHVV OHYHO EDVHG RQ WKH H[SHFWHG JURXQG
PRWLRQVZLWKUHVSHFWWR*03(V$OWKRXJKWKHGLIIHUHQWVWUHVVFRQGLWLRQVDUHFOHDULQWHUPVRI
SDUDPHWHUTIURPWKHPHFKDQLFDOSRLQWRIYLHZLWZRXOGVWLOOEHDFKDOOHQJHWRHVWLPDWHWKH


SUREDELOLW\RIDJLYHQVWDWHRIUHJLRQDOVWUHVVIURPREVHUYDWLRQV7KXVZHKDYHEULHIO\FDUULHG
RXWDVWDWLVWLFDODQDO\VLVRQTZLWKDURXJKUHVROXWLRQZLGWKRI+RZHYHUWKHVLPXODWLRQV
VKRZ WKDW WKH UHVXOWV DUH VHQVLWLYH WR D VPDOO LQFUHDVH RI T )XUWKHUPRUH ZH ILQG WKDW WKH
YDOXHV RIT DQG WKH K\SRFHQWHU ORFDWLRQV PD\ QRWEH LQGHSHQGHQW 7KH VLPXODWLRQV VWDUWLQJ
IURPWKHFHQWUDORUHDVWHUQK\SRFHQWHUVDUHSUHVHQWHGE\ORZT  T< ≤ ZKLOHZHVWHUQ
K\SRFHQWHUVDUHFRPPRQIRUKLJKT  T< ≤ ,QRWKHUZRUGVZLWKLQDVHLVPLFF\FOHD
ODUJH HYHQW ZLOO VWDUW PRVW SUREDEO\ IURP WKH FHQWUDO RU HDVWHUQ SDUWV +RZHYHU LI WKH
UHFXUUHQFH WLPH ZDV ORQJHU KLJKHU T GXH WR UHDVRQV LJQRUHG LQ WKLV VWXG\ D ODUJH HYHQW
QXFOHDWLQJ IURP WKHZHVWHUQK\SRFHQWHUZRXOGEHFRPHPRUH OLNHO\7KLV LV WKH IHDWXUHDOVR
LQIHUUHG IURP $8 LQ WKHJLYHQSUREDELOLVWLF IUDPHZRUN EXW WKH FXUUHQW VWXG\ FRQILUPV LW
VWDWLVWLFDOO\ 7KLV ILQGLQJ LV LPSRUWDQW IRU IXUWKHU VHLVPLF KD]DUG VWXGLHV LQ WKLV UHJLRQ DQG
VKRXOGEHFDUHIXOO\FRQVLGHUHGLQIXWXUHVWXGLHV6SDJQXRORHWDO
,QWKHIRUPXODWLRQRI(TXDWLRQVDQG6FKHUEDXPHWDOWKHSUREDELOLW\LV
UHYLVHGUHODWLYHO\DPRQJWKHDYDLODEOHELQVDVDIXQFWLRQRI//+(YHQLIQRQHRIWKHELQVLV
VXLWDEOH D]HURUHVLGXDOWRDJLYHQUHIHUHQFHWKHSUREDELOLW\LVDVVLJQHGDFFRUGLQJO\VXFK
WKDWWKHELQVRIVPDOOHU//+DUHFRQVLGHUHGPRUHSUREDEOHDQGWKHVXPPDWLRQRIWKHUHYLVHG
SUREDELOLWLHVRIDOOELQVLVHTXDOWRXQLW\7KHUHIRUHWKHSUREDELOLW\VKRZQLQ)LJXUHFDQEH
LQWHUSUHWHGE\ WKH WHQGHQF\RI WKHJURXQGPRWLRQV WREHVWURQJHUIRU ODUJHUT7KHG\QDPLF
UXSWXUHVFHQDULRVDQG'JHRORJLFDOVWUXFWXUHXVHGLQWKLVVWXG\PLJKWQRW\HWEHFORVHHQRXJK
WR UHDOLW\ 2Q WKH RWKHU KDQG WKH PRGHO VHWWLQJV IRU WKH UXSWXUH VFHQDULRV PD\ EH ELDVHG
VRPHKRZIURPWKHIDFWWKDWWKH\DUHSRVLWLRQHGDVSDUWRIDORJLFWUHHDQGWKHUHPD\EHRWKHU
IDFWRUVWKDWDUHQRWH[SOLFLWO\PRGHOHG)RUH[DPSOHHDUWKTXDNHVRXUFHSURFHVVFRXOGEHPRUH
FRPSOH[WKDQWKHVLPXODWLRQVSUHVHQWHGKHUHGXHWRVPDOOVFDOHLQKRPRJHQHLW\HJ0LNXPR
DQG0L\DWDNH'D\$RFKLHWDO5LSSHUJHUHWDO6FKPHGHVHWDO
6KLDQG'D\0DLDQG7KLQJEDLMDQDQGPDQ\RWKHUVWXGLHV6XFKDVSHFWV
DUHLPSRUWDQWIRUUHSURGXFLQJDQGJHQHUDWLQJJURXQGPRWLRQVRYHUDODUJHEDQGRIIUHTXHQFLHV
UHTXLUHGIRUHQJLQHHULQJDSSOLFDWLRQVHJ0DLHWDO*UDYHVDQG3LWDUND6RQJHW
DO  *RXOHW HW DO  $NLQFL HW DO  DOVR SURSRVH D K\EULG JURXQG PRWLRQ
VLPXODWLRQ PHWKRG FRPELQLQJ QRQSODQDU G\QDPLF UXSWXUH VLPXODWLRQV $8 NLQHPDWLF
IUDFWDOVXPRIDVSHULWLHV5XL]HWDODQGVWRFKDVWLF*UHHQ¶VIXQFWLRQVEDVHGRQDILQLWH
VRXUFH %RRUH  7KH UHODWLYHO\ VPRRWK VOLS PRGHOV PLJKW KDYH OHG WR ODUJH JURXQG
PRWLRQV LQDOOFDVHV DV WKHFDOFXODWHG UHVLGXDOV DQGFRQVHTXHQWO\σDUHTXLWH ODUJH LQ WKLV
VWXG\ EHFDXVH RI LJQRUHG IDFWRUV VXFK DV IDXOW KHWHURJHQHLW\ VHH DERYH RU RIISODQH
GDPDJLQJHJ$QGUHZV5RWHQHWDO<HWRXUGLVFXVVLRQLVVWLOOYDOLG$OWKRXJK


WKHSUHVHQWHGVLPXODWLRQVDUHVWLOOOLPLWHGZLWKRQO\DVLQJOHYDULDEOHTWKLVLVWKHVLPSOHVW
ZD\ WR HYDOXDWH WKH SUREDELOLW\ RI WKH JLYHQ PRGHO SDUDPHWHUV E\ IL[LQJ DOO WKH RWKHU
SDUDPHWHUV7KHSURFHVVDGRSWHG LQWKLVVWXG\FDQEHXVHIXOZKHQVFUXWLQL]LQJG\QDPLFDOO\
VLPXODWHG HDUWKTXDNH VFHQDULRV DQG WR DVVLJQ WKHP D SULRULW\ WR FRPPXQLFDWH WR HQJLQHHUV
ZKLFKVFHQDULRVDUHWKHPRVWSUREDEOH
$V D VLPSOH H[DPSOH RI PRGHO ELDV OHW XV FDUU\ RXW JURXQGPRWLRQ VLPXODWLRQV
DVVXPLQJQ VsDOWKRXJKWKLVZDVQRWEHWWHULQRXUWHVWVIRUWKHWZRPRGHUDWHHDUWKTXDNHV
WKDQDVVXPLQJDFRQVWDQWQRUQ Vs8QGHUVXFKDVWURQJDWWHQXDWLRQFRQGLWLRQWKHZDYH
SURSDJDWLRQ LV VLJQLILFDQWO\ FKDQJHG DQG WKH VLPXODWHG 3*9V JHW FORVHU WR WKH *03( LH
VPDOOHUUHVLGXDOVIRUWKHVDPHHDUWKTXDNHVFHQDULRV)LJXUH7KLVFKDQJHVWKHYDOXHVRI
//+DQGWKHSUREDELOLWLHVDUHUHYLVHGDFFRUGLQJO\1HYHUWKHOHVVWKHUHYLVHGSUREDELOLWLHVDUH
UHODWLYH DPRQJ WKH ELQV DQG WKH WHQGHQF\ RI WKH UROH RI VWUHVV SDUDPHWHU T RQ WKH JURXQG
PRWLRQVLVVLPLODU7KLVOHDGVWRWKHVDPHFRQFOXVLRQWKDWORZHUOHYHOVRI7DUHSUHIHUUHGDQG
DQH[WUHPHOHYHORIKLJKT LVOHVVSUREDEOHVXSSRUWLQJWKHK\SRWKHVLVWDNHQLQ$8

5. Summary 
:H KDYH FDUULHG RXW JURXQGPRWLRQ VLPXODWLRQV LQ WKH 0DUPDUD 6HD 7XUNH\ UHJLRQ
XVLQJ D' ILQLWHGLIIHUHQFH PHWKRG WDNLQJ LQWR DFFRXQW WKH 'JHRORJLFDO VWUXFWXUHRI WKLV
UHJLRQ)LUVW WZR PRGHUDWH HDUWKTXDNHVRI DERXW PDJQLWXGHKDYHEHHQ VLPXODWHG DQG WKH
JRRGQHVVRIILW RI WKH VLPXODWHG JURXQG PRWLRQ SDUDPHWHUV WR WKH REVHUYDWLRQV KDYH EHHQ
HYDOXDWHG7KH'VWUXFWXUHDVVXPLQJDTXDOLW\IDFWRUQ VsOHDGWRDEHWWHUPDWFKDPRQJ
RXUWHVWV
6HFRQGZHKDYHDWWHPSWHGWRFRQVWUDLQWKHUHJLRQDOVWUHVVOHYHOVWKDWDOORZDIXWXUHODUJH
HDUWKTXDNH RI PDJQLWXGH RI DERXW  RU ODUJHU IRFXVLQJ RQ WKH VWUHVV SDUDPHWHU T.  6HYHUDO
K\SRWKHVHVIRUWKLVPHFKDQLFDOSDUDPHWHUDQGWKHLUDVVRFLDWHGOLNHOLKRRGVZHUHLQWURGXFHGE\
DORJLFWUHHDSSURDFKLQ$RFKLDQG8OULFKWRHVWLPDWHWKHOLNHOLKRRGRIWKHHDUWKTXDNH
VFHQDULRV:HKDYHSURSRVHGDVWUDWHJ\IRUUHHYDOXDWLQJWKHVHK\SRWKHVHVE\PDNLQJXVHRI
SXEOLVKHG JURXQG PRWLRQ SUHGLFWLRQ HTXDWLRQV *03(V IRU HQJLQHHULQJ VWURQJPRWLRQ
SDUDPHWHUV 7KH VLPXODWLRQV EHLQJ YDOLG XS WR IUHTXHQFLHV RI DERXW  +] ZH ZHUH DEOH WR
FRPSDUH WKH VLPXODWHG KRUL]RQWDO SHDN JURXQGYHORFLW\ 3*9ZLWK WKH 3*9VSUHGLFWHG E\
YDULRXV*03(V,WZDVVKRZQWKDWKLJKVWUHVVFRQGLWLRQVKLJKTOHDGVWRODUJHHDUWKTXDNHV
DV ZHOO DV KLJK UHVXOWLQJ JURXQG PRWLRQV %\ TXDQWLI\LQJ WKH RYHUDOO GLIIHUHQFH EHWZHHQ


VLPXODWHG3*9DQGHVWLPDWHVIURP*03(VZHZHUHDEOHWRHVWLPDWHWKHSUREDELOLW\RIHDFK
VFHQDULR1DPHO\DKLJKDEVROXWHUHVLGXDOPHDQVDOHVVSUREDEOHVFHQDULR)LQDOO\ZHDUHDEOH
WRUHYLVHWKHSUREDELOLW\RIWKHVWUHVVILHOGLQWHUPVRIT$PRGHUDWHT  T< ≤ KDVD
SUREDELOLW\RI PRUH WKDQ  DQG DQ H[WUHPHO\ KLJKT ! LV XQOLNHO\ SUREDELOLW\ OHVV
WKDQ  7KHVH UHVXOWV DUH FRKHUHQW ZLWK RXU SUHYLRXV K\SRWKHVHV EDVHG RQ H[SHUW
MXGJPHQW 7KLV FRQVWUDLQW IURP FRPSDULVRQV ZLWK *03(V LV LPSRUWDQW QRW RQO\ IRU IXUWKHU
TXDQWLWDWLYHVHLVPLFKD]DUGDVVHVVPHQWVDQGIRU LQYHVWLJDWLQJWKHOLNHOLKRRGRISUREDEOHDQG
H[WUHPHVRIG\QDPLFUXSWXUHVFHQDULRVIRUJURXQGPRWLRQHVWLPDWLRQVEXWDOVRWRXQGHUVWDQG
G\QDPLF UXSWXUH SURFHVVHV DORQJ QRQSODQDU IDXOW V\VWHPV DQG WKH FUXVWDO VWUHQJWK LQ
JHRG\QDPLFSURFHVVHV7KHVDPHPRGHOSDUDPHWHUL]DWLRQFRXOGEHXVHGIRURWKHUHDUWKTXDNH
VFHQDULR RI DQDORJRXV IDXOW JHRPHWULF FRPSOH[LW\ DQG WKH IDXOW PDWXULW\ DV WKLV SDUW RI WKH
1RUWK$QDWROLDQIDXOW

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